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urement and Analysis Branch (PMAB), Engineering Development Division 
(EDD), CERC, was the former Principal Investigator and Dr. Joon P. Rhee, 
PMAB, EDD, CERC is the current Principal Investigator. 

This report was prepared by Ms. Margaret A. Sabol, PMAB, under the 
general supervision of Mr. William L. Preslan, Chief, PMAB, and 
Mr. Thomas W. Richardson, Chief, EDD. Mr. Charles C. Calhoun, Jr. and 
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CERC. Director of WES is Dr. Robert W. Whalin, and Commander is 
COL Bruce K. Howard, EN. 
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Introduction 

Background 

Field wave data were acquired at Redondo Beach Breakwater, CA, by the 
Prototype Measurement and Analysis Branch of the U.S. Army Engineer 
Waterways Experiment Station Coastal Engineering Research Center as part of 
the Monitoring Completed Coastal Projects Program. This report summarizes 
data collected throughout the experiment. The purpose of this study was to 
provide actual field data to evaluate output from a numerical model, Regional 
Coastal Processes Wave Transformation Model, which predicts waves propa- 
gating through a coastal region of irregular bathymetry. This report contains 
brief descriptions of the monitoring effort and equipment and provides col- 
lected wave information in graphic and tabular form. Statistical analysis of 
wave data will be provided in a future report. 

Nearshore Wave Conditions 

Near-shore and offshore wave conditions at Redondo Beach, CA, were mon- 
itored during a 2-year period beginning October 1992 and ending in June 
1994. Near-shore gages were deployed at two separate times during the moni- 
toring period in depths of 14 m - 18 m. The first gages were deployed Octo- 
ber 1992 through April 1993 and the second deployment was from October 
1993 through June 1994. 

Offshore Wave Conditions 

Offshore wave conditions were collected from two National Data Buoy 
Center (NDBC) directional wave buoys. Conditions of waves in intermediate- 
depth water were provided by NDBC buoy 46045 (Redondo) located in 
approximately 80 m of water. Deepwater wave data were obtained from 
NDBC buoy 46025 (Catalina Ridge) at a nominal water depth of 840 m. 
Locations of the shallow-water gages and NDBC buoys are shown in Table 1 
and in Figures 1 and 2. 

Chapter 1 Introduction 



Table 1 
Gage Information 

Gage 
Number 

RB6 

Site Designation Location 

North 33.860 N 118.412 W 

020 North Breakwater 

153 South Breakwater (PUV) 

R04A South Breakwater (DWG-1) 

33.648 N i la.406 W 

33.643 N 1 la.404 w 

33.642 N 118.404 W 

FIB5 

030 

Canyon 

Near Breakwater 

33.630 N 1 la.399 w 

33.646 N 118.401 W 

46045 Redondo 

46025 Catalina Ridge 

33.839 N 1 la.447 W 

33.747 N 119.068 W 
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Figure 1. Location of shallow and intermediate-depth gages (soundings in fathoms) 
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Figure 2. Location of deepwater gage (soundings in fathoms) 
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2 Nearshore Wave 
Conditions 

Nearshore Gage Description 

Nearshore wave conditions were monitored using two different self- 
recording instruments: directional wave gages (DWG-1) and pressure/ 
U-velocity/V-velocity (PUV) gages. Briefly, a DWG- 1 simultaneously meas- 
ures sea-bottom pressure at three locations, internally processes the data, and 
records cross-power spectra. The array used is a 1.6-m equilateral triangle 
with a pressure transducer at each comer. Detailed descriptions of the DWG- 
and comparisons of its performance with other directional wave gages can be 
found in Howell (1992).’ A PUV stores simultaneous measurements of three 
time series, the sea bottom hydrodynamic pressure and the two horizontal 
cross-axis water-particle velocities. Both DWG-1 and PUV used Paroscientifi 

1 

C 

pressure transducers and the PUVs also used Marsh-McBimey electromagnetic 
current meters. 

Gage Deployment 

The first shallow-water gages were deployed in late October 1992 and 
recovered in mid-April 1993. A total of nine gages were deployed. Gage 
locations were selected to document variations in wave transformation through- 
out the area of interest. Site selection was guided by Hales (1987)’ and 
U.S. Army Engineer District, Los Angeles ( 1988)3. Gage sites were desig- 
nated as North (Appendix A), North Breakwater (Appendix B), Near Break- 
water (Appendix C), South Breakwater (Appendix D). and Canyon 
(Appendix E), (see Table 1 for locations). The highest waves due to refraction 

’ Howell, G. L. (1992). “A new nearshore directional wave gage.” Proceedings, 23rd Infer- 
national Confrrence on Coastal Engineering, Venice, Ilaly. Vol 1. 297-307. 

’ Hales, L. Z. (1987). “Water wave effects at Redondo Beach King Harbor, California.” 
Miscellaneous Paper CERC-87-2. U.S. Army Engineer Waterways Experiment Statlon. 
Vicksburg, MS. 
3 U.S. Army Engineer District, Los Angeles. (1988). “Feasibiliry report storm damage reduc- 
tion, Redondo Beach -- King Harbor Area. Los Angeles County, CA.” Los Angeles, CA. 
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would be expected between the North breakwater site (west of the curved por- 
tion of the north breakwater) and the South Breakwater site (west of the south 
end of the north breakwater). The North Breakwater and South Breakwater 
sites were chosen to monitor this concentrated wave energy. The Canyon site 
(located near the tip of the Redondo Canyon) was selected to measure wave 
energy affected by divergence over the submarine canyon. The North site 
(north of the harbor) was chosen to measure waves at a great distance from the 
Redondo canyon. 

Gages were set out in pairs, with one PUV and one DWG-1 gage at each 
site except at the Near Breakwater site, where only a PUV gage was deployed. 
Data were collected from both gage types and the gage type that produced the 
most data was chosen as the representative data set for that site. All sites with 
both DWG-1s and PUVs had at least one complete data set. Both NDBC 
buoys provided a complete data set for the first monitoring period. First 
deployment data can be found in Tables A 1, A2, B 1, B2, C 1. C2. Dl , D2, E 1. 
E2, Fl, F2, Gl, and G2 and Figures Al-A6, Bl-B7, Cl-C4. Dl-D6. El-E6. 
Fl-F7, and Gl-G7. 

The second gage deployment period was from mid-October 1993 through 
early June 1994. A pair of gages was installed at the South Breakwater site 
and single gages were installed at the North, North Breakwater, and Canyon 
sites. NDBC buoys 46045 and 46025 also provided data for most of the 
deployment period. Data from both NDBC buoys as well as from the South 
Breakwater and North Breakwater sites are provided to illustrate wave condi- 
tions during the second deployment period. Second deployment data are dis- 
played in Tables HI, H2, 11, 12. Jl, 52. Kl, and K2 and Figures Hl. H2. 11-19. 
51-510, and Kl-K6. 

Data were obtained from both NDBC buoys during the entire 2-year period 
(October 1992 - September 1994). Time series plots of data not coincident 
with deployment of shallow-water gages may be found in Appendix L. 
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3 Data Summary Products 

Description of Parameters 

The standard parameters reported in this document are wave height, period, 
and direction. These parameters are derived from a two-dimensional power 
density spectrum of the sea surface using spectral analysis of the sensors’ 
output and linear wave theory. The parameters are defined as follows (see the 
Shore Protection Manual’ for additional information): 

a. Wave Height, Hd: Spectrally derived wave height, in meters; equiva- 
lent to time-domain-derived significant wave height in deep water. 

b. Wave period Tp: Peak spectral period, in seconds; inverse of the 
frequency of the peak (highest energy) of the one-dimensional power 
spectrum. 

c. Wave Direction, D : 
cf 

Peak spectral direction, in degrees clockwise from 
true North; mean trectionfrom which energy is coming at the peak of 
the one-dimensional power spectrum. 

Missing data and data that failed to pass quality control tests are excluded 
from the summaries. 

Description of Products 

The following five types of data summary products are provided in this 
report: 

u. Time series plots. 

6. Mean/&x tables. 

’ Shore Protection Manual. (1984). 4th Ed., 2 Vok., U.S. Army Engineer Waterways 
Experiment Station, Coastal Engineering Research Center, U.S. Government Printing Office. 
Washington, DC. 
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c. Percent occurrence tables. 

d. Wave rose plots. 

e. Sample spectral density plots. 

Descriptions and examples of products are presented in the following sections 
of the report 

Time Series Plots 

Time series plots included in this report indicate wave information collected 
for each gage and buoy. The plots consist of three separate sets of axes show- 
ing H,,,& Tp, and LIP for a calendar month. Different gage types collected 
wave data on different tune schedules. The DWG-1s and NDBC buoys col- 
lected data hourly. The PUV gages collected data every 3 hr. The plots of 
Hmo and Tp show these individual readings connected by a continuous line. 
The lines are continuous as long as the data were received at the expected time 
intervals. The line appears broken if there is one or more missed data point. 
For Hd and Tp, isolated points of data appear as individual symbols. The 
plot of Dp shows individual readings designated with a plus (+) symbol instead 
of a contmuous line. 

Time series plots of NDBC data show an Hmo cutoff of 0.15 m and a Tp 
cutoff of 2.78 sec. This means that if the Hmo is less than 0.15 m, no Tp or 
Dp will be reported. When the Tp is less than 2.78 set, no Dp will be 
reported. These limitations are imposed by NDBC. 

Mean/Max Tables 

The mean/max tables indicate mean and maximum Hmo by month for the 
monitoring period. A mean Hd is included. Other statistics listed in this 
table are mean Tp (in seconds); center of most frequent 225deg direction 
band for directional gages (in degrees azimuth); standard deviation of H,,,. and 
Tp; and largest Hmo along with its associated Tp, LIP, and the date of the 
occurrence. 

The mean/max table for Gage RB6, North Site (Table Al) indicates that 
while the largest mean Hd, 1.2 m, occurred in February 1993, the largest 
H mOl 2.7 m, occurred on March 1993 at 600 hr Universal Coordinated Time 
(UTC), with an associated Tp of 8.0 set and Dp of 260 deg. 

8 
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Percent Occurrence Tables 

Percent occurrence tables indicate the percent (times 100) of the total num- 
ber of wave records for a given site that have a specified Hmo and Tp. Tables 
that depict the heights and period occurrences irrespective of direction are 
provided for all wave gage stations. Each listed percent value reflects the 
percent occurrence of waves at a particular Hd and Tp compared to all waves 
for which Hmo was computed. For nearshore gages, height bands are 0.5-m 
increments; period bands are ten uneven increments from below 4.5 set to 
above 18.4 set (Table 2). Offshore gages have height bands in l-m incre- 
ments (to account for larger waves found offshore) with ten period bands at 

Table 2 
Frequency Ranges Used in Nearshore Data Analysis 

Midband 

Grouping for 
Band Range for Percent Occurrence 

Frequency, Hz Period, set Period, set Tables, set 

0.320 3.1 3.0 < Tp < 3.1 

0:222 

0.213 
0.203 
0.200 
0.187 
0.182 

0.175 
0.167 
0.161 
0.152 
0.143 
0.137 
0.128 

0.120 
0.111 

4.5 

4.7 
4.9 
5.0 
5.3 
5.5 

5.7 
6.0 
6.2 
6.6 
7.0 
7.3 
7.8 

8.3 
9.0 

3.0 - 4.5 

4.4 <Tp < 4.6 

4.6 I Tp < 4.8 
4.8 2 Tp < 4.9 
4.9 I Tp < 5.1 4.6 - 5.6 
5.1 < Tp < 5.4 
5.4 s Tp < 5.6 

5.6 s Tp < 5.8 
5.8 s Tp < 6.1 
6.1 s Tp < 6.4 
6.4 s Tp < 6.8 5.6 - 8.0 
6.8 I; Tp < 7.1 
7.1 5 Tp < 7.5 
7.5 s Tp < 8.0 

8.0 5 Tp < 8.6 
8.6 I Tp < 9.2 8.0 - 10.6 
9.2 < Tp < 9.8 
9.8 s Tp < 10.6 
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uneven increments from below 6.9 set to above 18.2 set (Table 3). Totals of 
the height category are provided at the right of each height row. Totals for 
each period range are at the bottom of each period column. Results are in 
summary form at the bottom of the tables showing the mean HmO and Tp, the 
largest Hmo, and the total number of cases represented by the table. 

Table 3 
Frequency Ranges Used in Offshore Data Analysis 

Midband 

Frequency, Hz 

0.400 

Grouping for 
Band Range for Percent Occurrence 

Period, set Period, set Tables, set 

2.5 2.22 I Tp < 2.86 

c6.9 

0:160 4.5 6.06 I Tp < 6.45 

0.120 8.3 8.00 5 Tp < 8.70 8.1 - 8.7 

0.110 9.1 8.70 s TD < 9.52 8.8 - 9.5 

0.100 10.0 9.52 5 Tp < 10.53 9.6 - 10.5 

0.090 11.1 10.53sTp<11.76 10.6 - 11.7 

0.080 12.5 11.76 I Tp < 13.33 11.8 - 13.3 

0.070 14.3 13.33 <Tp < 15.38 13.4 - 15.3 

0.060 16.7 15.38 <Tp < 18.18 15.4 - 18.1 

0.050 20.0 18.18 s Tp < 22.22 
0.040 25.0 22.22 sTp < 28.57 18.2 - longer 
0.030 33.3 28.57sTp <40.00 

In order to determine what percent of the wave records from Gage 030, 
Near Breakwater, have an Hd of 2.0 - 2.4 m with a Tp of 5.6 - 8.0 set, the 
percent occurrence table for that station (Table C2) is consulted. The value 34 
is found where the 2.0- to 2.4-m height row intersects with the 5.6- to 8.0-set 
period column. Divide this number by 100 to get the percent. Thus, 5.6- to 
8-set waves from 2 to 2.4 m would be expected only about 0.34 percent of the 
time. 

Wave Rose Diagrams 

The wave rose diagrams indicate mean H,,,. and the compass direction from 
which the waves are coming. The scale of the rose is set so the outer edge 
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